Higher food prices increase the risk of vitamin A deficiency among preschool children in poor families, because a larger part of the household food budget is spent on grain foods and less on vitamin A-rich foods. Vitamin A supplementation is an important source of vitamin A for children. Our objective was to characterize coverage of the India national vitamin A program for preschool children and identify risk factors for not receiving vitamin A. Anthropometric and demographic data were examined in 23,008 children aged 12-59 mo in the India National Family Health Survey, 2005Survey, -2006. Within the last 6 mo, 20.2% of children received vitamin A supplementation. The prevalence of stunting, severe stunting, underweight, and severe underweight was higher among children who did not receive vitamin A compared with those who received vitamin A (P , 0.0001). In families with a child who did and did not receive vitamin A, respectively, the proportion with a history of under-5 child mortality was 8.4 vs. 11.4% (P , 0.0001). By state, vitamin A program coverage was inversely proportional to the under-5 child mortality rate (r = 20.51; P = 0.004). Maternal education of $10 y [odds ratio (OR) 2.22; 95% CI 1.69-2.91], 7-9 y (OR 1.99; 95% CI 1.57-2.53), or 1-6 y (OR 1.65; 95% CI 1.28-2.13) compared with no education was an important factor related to receipt of vitamin A. Poor coverage of the vitamin A supplementation program in India has serious implications in the face of rising food prices. Expanded coverage of the vitamin A program in India will help protect children from morbidity, mortality, and blindness.
Introduction
Vitamin A deficiency is a leading cause of blindness, morbidity, and mortality among preschool children in developing countries and has long been recognized as a major public health problem in India (1) (2) (3) . An estimated 52,000 children go blind each year in India from vitamin A deficiency (4) . Vitamin A is essential for normal growth, maintenance of mucosal surfaces, reproduction, immunity, and vision (5) . In preschool children, lack of vitamin A can lead to xerophthalmia and keratomalacia and increased morbidity and mortality from diarrheal disease and measles (5) . The prevalence of vitamin A deficiency is higher in poor households that are only able to afford primarily rice and very few fruits, vegetables, and animal source foods (6) . With rising food prices, the proportion of money spent on rice increases and less can be spent on nongrain foods, resulting in a concomitant increase in malnutrition among the children (7) .
Periodic high-dose vitamin A supplementation programs have been established over the last 3 decades in many developing countries to increase child survival and decrease the incidence of pediatric blindness. Vitamin A supplementation is a highly costeffective intervention for child health (8) and reduces all-cause mortality among preschool children, aged 6-59 mo, by nearly one-quarter (9) . Well-developed vitamin A supplementation programs provide a reliable source of vitamin A for preschool children in the face of economic instability and rising food prices. The Millennium Development Goals include reducing child mortality by two-thirds between 1990 and 2015 (8, 10) and effective coverage of periodic high-dose vitamin A supplementation programs is considered one of the most cost-effective strategies in reaching this goal. India, with a total of~128 million under-5 children, has an estimated 1.95 million under-5 child deaths per year, accounts for 21.2% of all under-5 child deaths worldwide, and is the leading country worldwide for child mortality (11) .
The specific aims of this study were to characterize the coverage of the national vitamin A supplementation program in India and to identify factors associated with receipt or nonreceipt of vitamin A within the last 6 mo. To address these aims, we examined population-based, demographic, and health survey data from India.
Participants and methods
The study subjects were preschool children and their families who participated in the 2005-2006 National Family Health Survey in India, a nationally representative survey that was part of the worldwide Demographic and Health Surveys (DHS) project (12) . The primary objective of the survey was to provide up-to-date information for policy makers, researchers, and program managers that would allow guidance for the monitoring and evaluation of health programs (12 Households were selected by multi-stage sampling. In each state, a rural sample was selected in 2 stages. The first stage used probability proportional to size (PPS) sampling to select primary sampling units, or villages, within a state. The second stage involved selection of a sample of households from each primary sampling unit. In urban areas, a 3-stage sampling procedure was used. In the first stage, PPS sampling was used to select the primary sampling units, which were wards from all the cities within a state. In the second stage, 1 census enumeration block was selected from the selected ward using PPS sampling. The 3rd stage involved a selection of an average of 30 households from the list of households within each census enumeration block. In each of 8 cities, households from slum and nonslum areas were selected by PPS sampling and households were then selected from each census enumeration block (12) .
The study protocol complied with the principles enunciated in the Helsinki Declaration (13) . The field teams were instructed to explain the purpose of the survey to the mother or father and data collection proceeded only after informed consent. Participation was voluntary, no remuneration was provided to participants, and all participants were free to withdraw at any stage of the interview. Data from the 2005-2006 NHFS is in the public domain and was obtained through Measure DHS (14) . The plan for secondary data analysis was approved by the Institutional Review Board of the Johns Hopkins University School of Medicine.
The youngest child, aged 12-59 mo, in the household was used as the index of a child receiving vitamin A supplementation (i.e. households were not counted more than once). The WHO Child Growth Standards were used as the reference growth curves for child height-for-age (15) . Stunting, underweight, and wasting were defined as height-for-age, weight-for-age, and weight-for-height Z-scores , 22, respectively. Severe stunting, severe underweight, and severe wasting were defined as heightfor-age, weight-for-age, and weight-for-height Z-scores , 23, respectively. Maternal age was divided into quartiles. Maternal and paternal education were categorized as 0, 1-6 (primary), 7-9 (junior high), and $10 y (high school or greater). Weighting was used to adjust for urban as well as rural population size, respectively. The number of children in the family was used as an indicator of crowding. We used chi-square tests to compare categorical variables between groups. Spearman correlation was used to examine the relationship by state between the mean proportion of children who received vitamin A supplementation in the last 6 mo and the mean under-5 child mortality rate reported from the same households in the India DHS data. Linear regression was used to examine the relationship between under-5 child mortality and coverage of the vitamin A program. We used multivariate logistic regression models to examine the relationship between maternal education and other variables and of vitamin A supplementation in the last 6 mo. Variables were included in the multivariate models if significant in univariate analyses. P , 0.05 was considered significant. Data analyses were conducted using SAS Survey version 9.11 (SAS Institute).
Results
Of 23,008 children aged 12-59 mo, 4459 (20.2%) received vitamin A supplementation within the last 6 mo. Demographic and other characteristics of families in which the youngest child, 12-59 mo, received or did not receive vitamin A within the last 6 mo are shown in Table 1 . In families where the child did not receive vitamin A, the mothers were older and less educated and the household was more crowded than in families where the child received vitamin A. Children who missed vitamin A were more likely to be older and to be stunted or severely stunted, and to be underweight or severely underweight, than children who received vitamin A. Paternal education, child sex, wasting or severe wasting, or having suffered from diarrhea within the last 2 wk did not differ between children who did or did not receive vitamin A. A history of neonatal mortality, infant mortality, and under-5 child mortality was significantly higher in families where the child did not receive vitamin A supplementation compared with families where the child received vitamin A supplementation in the last 6 mo.
The proportion of children aged 12-59 mo who received vitamin A within the last 6 mo, by state, was: Uttar Pradesh (5.9%), Nagaland (6.7%), Manipur (8.2%), Rajasthan (10.5%), Assam (11.6%), Haryana (11.8%), Chhattisgarh (12.0%), Karnataka by Spearman correlation, the coverage of the vitamin A program was inversely proportional to the under-5 child mortality rates (r = 20.51; P = 0.004) (Fig. 1) .
A higher level of maternal education was significantly associated with the child receiving vitamin A in the last 6 mo in a multivariate logistic regression model, adjusting for maternal age, number of children in the family, and location ( Table 2) .
Discussion
The present study shows that the coverage of the vitamin A supplementation program to prevent morbidity, mortality, and Children who were missed by the vitamin A supplementation program in India were more likely to be stunted, severely stunted, underweight, or severely underweight. The families in which a child failed to receive vitamin A supplementation in the last 6 mo also had a higher history of neonatal, infant, and under-5 child mortality, again, suggesting that children being missed by the vitamin A program could benefit greatly as they are from the more vulnerable families. Coverage of the vitamin A supplementation program needs to be increased to reach vulnerable children who are at high risk of malnutrition and mortality.
The prevalence of stunting, underweight, and wasting were extremely high in India as revealed in this survey. In India, preschool children who were missed by the vitamin A program (80% of all preschool-age children) had a prevalence of stunting, underweight, and wasting of~58, 50, and 20%, respectively, and among those that received vitamin A supplementation the prevalence was 50, 43, and 20%, respectively. The prevalence of malnutrition in India is much higher than many countries in subSaharan Africa. For example, in Ethiopia, the prevalence of stunting, underweight, and wasting is 47, 38, and 11%, and in Malawi the prevalence is 48, 22, and 5% (19) .
This study showed that the states that had higher coverage of the vitamin A supplementation program had lower under-5 child mortality and the states with the lowest coverage of the vitamin A supplementation program had higher mortality. The inverse association between vitamin A program coverage and child mortality may be due not only to poor vitamin A program coverage but to poorer coverage of all child survival interventions. For example, in Indonesia, low coverage of vitamin A supplementation was also associated with low coverage of other interventions such as childhood immunizations (20) . Maternal education was an important factor related to receipt of vitamin A supplementation in this study. A higher level of formal education achieved by mothers may be a key factor in breaking the intergenerational cycle of malnutrition and poverty (21) .
A potential limitation of the study is that mothers in India may not have known whether their child received vitamin A in the last 6 mo or not. However, the data from the present study show a consistent relationship between vitamin A supplementation coverage, family factors, child malnutrition, and child mortality that have been described in other countries (18, 20, 21) . As the study is cross-sectional, the consistency at which a child received or did not receive vitamin A every 6 mo over time is not The expanded coverage of the vitamin A supplementation program has been shown previously in Chandigarh to reduce xerophthalmia, diarrheal morbidity, and mortality (22) . After a recent measles outbreak in Shivpuri, India, a lower measles case fatality rate and measles-related complications were found among the children who had received vitamin A supplementation (23) . In Indonesia and Vietnam, expanded coverage of the national vitamin A supplementation program was accompanied by a virtual disappearance of hospital admissions for corneal ulceration and keratomalacia due to vitamin A deficiency (5, 24) . By contrast, in India, there are continuing reports of a high prevalence of Bitot's spots and night blindness among children and children who are blinded by corneal ulceration and keratomalacia (1) (2) (3) (4) (25) (26) (27) (28) (29) .
Worldwide, 9.7 million children die each year, most deaths are from preventable causes, and nearly all deaths occur in poor countries (30) . India, with nearly 2 million under-5 child deaths per year, is ranked number 1 in the total number of under-5 child deaths among countries worldwide (11, 30) . Both neighboring Bangladesh and Nepal had lower under-5 child death rates in 2005 compared with India and there have been marked differences between these countries in the progress in reducing under-5 child deaths since 1980 (31). Murray et al. (30) described the striking differences in the annual rates in the decline in under-5 child mortality between India (2.7%) and Bangladesh (4.1%). They suggested that because the region has similar cultures, histories, and institutions, the large contrast in the reduction of child mortality may be attributed in part to the adoption of effective child survival strategies. The vitamin A programs in both Nepal and Bangladesh have succeeded in coverage of 85-90% compared with 20% for India. This may partially explain the disparity in the annual decline in under-5 child mortality among Bangladesh, Nepal, and India. The poor coverage of the vitamin A program has been implicated in the lack of progress in reducing child mortality in India (32) . The combination of increased food prices and decreased income with the global economic crisis may increase vitamin A deficiency and related child mortality among poor families in India. Families with lower income have less dietary diversity, because the amount of money they need to spend on rice leaves them with little money to purchase more micronutrient-rich foods and as a consequence have a higher risk of child malnutrition and vitamin A deficiency (6, 7, 34) . The economic crisis in Indonesia in the late 1990s was accompanied by an increase in child anemia, especially among the urban poor who relied largely on cash, as families were forced to spend a greater portion of their income on rice (7, 35) . Unless the coverage of the vitamin A program is improved in India, there is not much of a safety net to protect preschool children in poor families from higher morbidity, mortality, and blindness due to vitamin A deficiency.
About 63% of child deaths could be prevented with full implementation of the few known and effective interventions to reduce child mortality, such as vitamin A supplementation (8) . If the vitamin A supplementation program were effective in reaching 90% of preschool children aged 12-59 mo in India, .100,000 lives could be saved annually, given the 25% reduction in child mortality attributed to vitamin A supplementation. The reduction of under-5 child mortality by two-thirds between 1990 and 2015 is one of the Millennium Development Goals that was endorsed by 189 countries in September 2000 (8) . India has one of the fastest growing economies in the world but currently still has the largest number of preschool child deaths and an estimated 52,000 children going blind from vitamin A deficiency annually (4). Effective leadership is needed and stronger efforts must be made to expand coverage of vitamin A supplementation, a known effective intervention to improve child survival and reduce nutritional blindness.
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